Remarks ; 

The November 25, 2005 Official Action has been 
carefully considered. In view of the present amendments, the 
Declaration of Dr. Janey Henderson (hereinafter the "Henderson 
Declaration") submitted herewith and the following remarks, 
favorable reconsideration and allowance of this application are 
respectfully requested . 

At the outset, it is noted that a shortened statutory 
response period of three (3) months was set in the November 25, 
2005 Official Action. Accordingly, the initial due date for 
response was February 25, 2 006. A petition for a three (3) month 
extension of the response period is presented with this 
submission under 37 C.F.R. §1. 114(d), which is being filed before 
the expiration of the three (3) month extension period. 

In the November 25, 2005 Official Action, claim 37 and 
42-50 stand rejected for allegedly failing to satisfy the written 
description and enablement requirements of 3 5 U.S.C. §112 first 
paragraph. Regarding the written description rejection, the 
examiner contends at pages 2-3 of the November 25 th Official 
Action, that the disclosure of a large nucleic acid sequence does 
not provide the structure of a pesticidal proteinaceous material 
that may be composed of various components and/or that may be 
processed, and that the specification does not indicate from what 
reading frame the protein or proteins may be expressed from SEQ 
ID NO : 1 . 

In response to applicants traversal of this ground of 
rejection in responding to the preceding official action, the 
examiner asserts that the specification provides neither guidance 
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as to what sequence/s in SEQ ID NO : 1 is/are responsible for the 
observed function of insect toxicity, nor, a structure function 
relationship such that one in the art would recognize that 
applicant was in possession of portions of SEQ ID N0:1 that are 
known to have the function of insect toxicity. 

As for the enablement rejection, the examiner's 
position is that it is unclear from the disclosure what specific 
compound or combination of compounds is responsible for the 
insecticidal activity observed from the application of 
supernatant or cells per se. The examiner concludes, therefore, 
that one in the art would be required to perform undue trial and 
error experimentation to practice the invention. 

The examiner essentially dismisses the applicants' 
arguments that the enablement requirement of §112 is satisfied 
in this case, in view of data presented in their publication in 
Applied and Environmental Microbiology, 67 (5): 2062-2069 (2001), 
noting that "much experimentation was performed to determine what 
protein of many potential proteins and further combinations 
thereof provided for insecticidal activity. See page 10 of the 
November 25, 2005 Official Action. 

The Official Action also includes an objection to claim 
37 because of certain misspellings that appear therein. The 
misspellings noted in claim 37 have been corrected in accordance 
with this amendment. 

The foregoing objection and rejections, which have been 
made final, constitute all of the grounds set forth in the 
November 25, 2 005 Official Action for refusing the present 
application. These rejections are again respectfully traversed 
for the reasons presented below. 
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A. Claims 37 and 42-50 Fully Comply with the Written 
Description Requirement of 35 U.S.C. §112, First Paragraph 

The relevant inquiry in determining compliance with 
the written description requirement of 35 U.S.C. §112, first 
paragraph, is whether the specification reasonably conveys to 
a person having ordinary skill in the relevant art, that at 
the time the application was filed, applicants had possession 
of the claimed subject matter. In re Kaslow , 217 U.S.P.Q. 
1089 (Fed. Cir . 1983) . 

The examiner has the initial burden of presenting 
evidence or reasons why a person of ordinary skill in the art 
would not recognize in applicants' specification disclosure a 
description of the invention defined by the claims. Ex -parte 
Sorenson , 3 U.S.P.Q. 2d 1462 (Bd. Pat. Apps . 1987). 

The written description rejection cannot be 
maintained in this case because the present specification 
clearly conveys to those having ordinary skill in the art that 
applicants had possession of the claimed invention at the time 
the present application was filed. 

The arguments advanced in support of the final 
written description rejection evince a lack of appreciation of 
the full extent of applicants' disclosure, as well as the 
level of ordinary skill in the field of the claimed invention. 

Considering only the subject matter of claims 37 and 
42-50, the present specification discloses, inter alia; 
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That a proteinaceous factor from Xenorhabdus NCIMB 40887 
supernatant had oral toxicity against insect pests such 
as Pieris Brassica (see Example 6, especially Table at 
the end of page 20), 

A cosmid - termed cHRIMl - derived from Xenorhabdus NCIMB 
40887 which imparts the oral toxicity to E. coli cells 
(see Examples 7 and 8 - especially Table at the top of 
page 23 which includes control toxicity for E. coli.) 
The DNA sequence of this clone (Seq ID No 1 from clone 1 
of Example 8; see Example 9; Figure 2). 

That the sequence of Figure 2 was believed to encode more 
than one protein, which proteins may be insecticidal 
alone or together (page 3) . 

That suitable fragments of the DNA of Figure 2 which 
encode pesticidal agents may be identified using standard 
techniques. For example, transposon mutagenesis 
techniques may be used, for example as described by H.S. 
Siefert et al . , Proc . Natl. Acad. Sci . 
USA, (1986) 83, 735-739 (see description page 8). 
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• That the cosmid cHRIMI may be mutated using a variety of 
transposons and then screened for loss of insecticidal 
activity. In this way regions of DNA encoding proteins 
responsible for toxic activity can be identified (see 
description page 8) . 

• That, by way of example, the mini- transposon mTn3(HIS3) 
can be introduced into a toxic Xenorhabdus clone such as 
cHRIMI by electroporating cHRIMI DNA into E.coli 
RDP146 (pLBlOl ) and mating this strain with E.coli 
RDP146 (pOX38) , followed by E. coli NS2114Sm. The final 
strain will contain cHRIMlDNA with a single insertion of 
the transposon mTn3(HIS3). These colonies can be cultured 
and tested for insecticidal activity as described in 
Example 8 (see description page 8) . 

That restriction mapping or DNA sequencing can be used to 
identify the insertion point of mTn3(HIS3) and hence the 
regions of DNA involved in toxicity . 

The foregoing disclosure constitutes a clear 
description of the invention recited in the present claims, 
which are drawn to cells and extracts transformed with a 
sequence of Figure 2 and having oral toxic activity (i.e. as 
prepared. in Example 7, and tested as described in Example 8). 

The claims are directed only to compositions based 
on sequences which have been functionally linked to an 
activity, which sequences and activity are clearly disclosed 
in the specification and, indeed, have been reduced to 
practice by applicants! How can the specification of a patent 
application, which describes an actual reduction to practice 
of the invention claimed therein, be found not to convey to 



those of ordinary skill in the art that the applicants were in 
possession of the claimed subject matter at the time the 
application was filed? 

The examiner maintains, in effect, that the 
specification does not provide disclosure of: 

i) where the coding sequence (s) in SEQ ID No 1 
are, 

ii) what the sequence or structure of the proteins 
are, 

iii) whether more than one protein is required for 
activity . 

Assuming, for the sake of argument that such 
disclosures are in any way relevant to the patentability of 
claims 37 and 42-50 (which applicants vigorously dispute) one 
of ordinary skill in the art is plainly apprised of all of 
these things by the present disclosure. Taking these points 
one by one, it should be noted that: 

i) The claims do not in fact recite a requirement 
for defining individual coding sequences . 
Nevertheless applicants submit that a person of 
ordinary skill when given a specific DNA 
sequence can readily define coding sequences 
(or x ORFs') using only simple and commonly 
available software - see e.g. paragraph 7 of 
the Henderson Declaration. Indeed, simply 
typing "ORF finder" into an internet search 
engine such as Google™ will reveal numerous 
such programs, many of which have been in 
existence for many years. 



ii) Furthermore, the claims do not require that the 
protein sequence or structure be known. Thus, 
the examiner's reference to "proteinaceous 
material obtainable from Xenorhabdus" , at page 

3 of the November 25, 2006 Official Action is 
not understood. In any case, the only proteins 
which are relevant to the claims are those 
encoded by SEQ ID No 1, and, therefore, their 
sequence (=primary structure) can be directly 
and unambiguously derived therefrom by the 
genetic code, and the above-mentioned software. 

iii) As discussed with respect of the various points 
of disclosure listed above, the patent 
application specifically discloses the steps 
that define which sequences within SEQ ID No 1 
are active i.e. the use of Tn3 transposon 
mutagenesis, as described by H.S. Siefert et 
al., Proc. Natl. Acad. Sci . USA, (1986) 83, 
735-739. As evidenced by the publication of 
Morgan et al . (2001) (already of record) this 
precise methodology does indeed define which 
sequences within SEQ ID No 1 are active. This 
is clearly more than a "potential method" for 
identifying the active sequences, 
notwithstanding the examiner's contention to 
the contrary. Accordingly, the subject matter 
claimed herein cannot reasonably be 
characterized as a "wish or a plan", as was the 
case in Fiers v. Revel , 25 U.S.P.Q. 1601 (Fed. 
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Cir. 1993). Thus, the examiner's reliance on 
Fiers and the other case law cited in the 
November 25, 2005 Official Action is misplaced. 
Moreover, the Henderson Declaration establishes 
that the performance of such methodology was 
entirely routine for one skilled in the art. 
There is no dispute that Morgan et al . (2001), when 
taken as whole, includes considerable experimentation, which 
is not surprising since it is concerned with the same 
pioneering invention as the present application i.e. being the 
first demonstration that Xenorhabdus Nematophilus encodes 
toxins which have potent oral insecticide activity. However 
given the level of skill in the art the dissection of SEQ ID 
No 1 to highlight encoded toxic proteins therein amounted to 
no more than routine experimentation. This is unequivocally 
confirmed by the Henderson Declaration. 

The examiner also indicates that the absence of 
disclosure in the present specification of a particular 
promoter (P L promoter) means that the specification does not 
teach the detection of activity. However the P L promoter is 
not part of the presently claimed invention, nor is there any 
evidence that this promoter was specifically required to 
demonstrate toxicity, rather than any other strong promoter of 
which many are known to those skilled in the art. Furthermore 
combinations of genes required for "full" toxicity (cf. page 
2067; column 2; first full paragraph of Morgan et al . (2001) 
are readily provided by the teaching of the specification by 
simple transposon mutagenesis. 

As further evidence of the adequacy of applicants' 



written description of the claimed invention, submitted 
herewith is a copy of C. Caldas et al . , Applied and 
Environmental Microbiology, 68 (3): 1297-1304 (2002), in which 
the authors attribute to applicants the discovery of cosmid 
clones having the ability to encode an insecticidal protein 
DNA region of a highly pathogenic isolate of X . nematophila in 
E. Coli. The disclosure of Morgan et al . (2001), which 
substantially corresponds to that of the present application, 
evidently conveyed to Caldas et al . That applicants were in 
possession of the claimed invention as of the filing date of 
the present application. 

For all of the foregoing reasons the conclusion is 
inescapable, that applicants have described the claimed 
invention with all its limitations and so were in possession 
of the claimed invention. It is equally clear that the 
examiner has failed to meet his burden of proof with regard to 
the sufficiency of the written description of applicants' 
claimed invention . 

B, Claims 37, 42-50 Fully Comply with the Enablement 
Requirement of 35 U.S.C. §112, First Paragraph 
It is settled law that whenever the adequacy of 
enablement provided by an applicants 's specification is 
challenged, the PTO has the initial burden of giving reasons, 
supported by a record as a whole, why the specification is 
deemed not enabling. In re Armbruster , 185 U.S.P.Q. 152 
(C.C.P.A. 1975). A properly supported showing that the 
disclosure entails undue experimentation is part of the PTO's 
initial burden under §112, first paragraph. In re Anqstadt , 
190 U.S.P.Q. 214 (C.C.P.A. 1976). In attempting to sustain 
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this burden of proof, it is impermissible for the examiner to 
study applicants' disclosure, formulate a conclusion as to 
what the examiner regards as the broadest invention supported 
by the disclosure and then determine whether the claims are 
broader than the examiners' conception of what "the invention" 
is. In re Borkowski , 164 U.S.P.Q. 642, 645 (C.C.P.A. 1970). 

In the present case, the examiner acknowledges that 
the applicants' specification is enabling for the use of 
culture medium and cells that contain SEQ ID NO. 1 as 
insecticidal compositions. The examiner further states that 
the present specification shows inhibition of growth and death 
by a cell per se and from supernatant. In light of these 
comments by the examiner, it must be concluded that 
applicants' claims satisfy the enablement requirement of §112, 
since the claims are directed to a composition comprising "(i) 
cells, into which a nucleotide sequence of Figure 2 (SEQ ID No 
1) has been introduced and(ii) a cellular extract from said 
cells, said cells and cellular extract having toxic activity 
when administered orally to an insect" . 

The examiner goes on at some length criticizing the 
specification for not providing a disclosure of the specific 
agent responsible for the death of insects. Assuming the 
deficiencies perceived by the examiner are accurate, which 
they are not, they do not justify an enablement reaction with 
respect to the subject matter presently claimed in claims 37, 
42-50. The present specification discloses not only methods 
of producing and using the claimed toxins directly from 
Xenohabdus (see e.g. examples 1-6), but also that the toxicity 
may be transferred to Ecoli through SEQ ID No. 1 and retain 



the unexpected oral toxicity (see examples 7-9) . This latter 
set of examples directly responds the examiner's query as to 
whether the protein may convert the substrate into a toxic 
substance and whether such substrate is from the cells per se 
or from the medium provided for growth, which is based on 
unfounded conjecture in any event. Such conjecture does not 
qualify as the sort of evidence or sound reasoning required to 
properly support an enablement rejection. 

The Henderson Declaration also speaks directly to 
the adequacy of the enablement provided by applicants 
disclosure. Thus, paragraph 6 of the Henderson Declaration 
states : 

"The specification disclosed the DNA 
sequence of an approximately 4 0kbp plasmid, 
which conferred insecticidal activity when 
present in a laboratory strain of 
Esherichia coli, (see Example 7 and Example 
8) . The specification further discloses 
methods of isolating fragments of the DNA 
which encode pesticidal agents (see page 8 
onwards, for example) . Given the 
disclosure of the specification I believe 
that at the date fo filing (1997) it would 
have been routine and straightforward for 
one skilled in the art to locate the areas 
(genes) on the cosmid that were responsible 
for the demonstrated insecticidal activity. 
For example a person skilled in the art 
could have carried out transposon 



mutagenesis of the cosmid, using 
commercially available kits for example, 
Primer Island kit (Applied Biosystems) or 
the EZ::Tn5™ Transposon (Cambio) . The use 
of these kits simply involves the mixing of 
the kit's reagents with the cosmid. 
Subsequently, the mixture would be 
transformed into E. Coli by any routine 
transformation method. In this case, I 
wold expect that a 100 E. Coli 
transf ormants would be sufficient to be 
screened. Screening would involve growing 
individual strains in small amounts of the 
culture would be spread on pots containing 
commercially available insect diet and the 
susceptible insect (in this case Pieris 
brassicae larvae) would be added. After 24 
hours incubation at 26°C, those pots in 
which the larvae remained alive would be 
selected. The selected clones would have 
the cosmids extracted and sequenced using 
primers homologous to the flanks of the 
transposon, in order to ascertain the 
location of the transposon insertion. Such 
cosmid extraction and sequencing should be 
a routine task for any one skilled in the 
art and could typically be done in a day. 
The Henderson declaration makes clear that although the 
experimentation described in Morgan et al . (2001) is somewhat 



extensive, it is nonetheless routine and certainly not "undue", 
given the nature of the invention and the level of skill in the 
art . 

Finally, it is noted that if the rationale for this 
enablement rejection were valid, then the inventor of a prodrug 
would not be entitled to a U.S. Patent unless he/she could 
provide a written description in "words, structures, figures, 
diagrams, formulas etc." of the chemical entity responsible for 
the observed therapeutic effect. This is clearly not the law. 

On the present record, it is clear that the examiner 
has failed to sustain his burden of proving applicants' failure 
to comply with the enablement requirement of §112, first 
paragraph. In the absence of evidence or sound reasoning 
presented by the examiner to substantiate the doubts expressed 
regarding the scope of enablement provided by the present 
specification, the rejection of claims 37 and 42-50 on this 
ground is clearly improper and should be withdrawn. 

In view of the present amendment, the Henderson 
Declaration submitted herewith and foregoing remarks, it is 
respectfully requested that the objection and rejections set 
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forth in the November 25, 2 005 Official Action be withdrawn 
that this application be passed to issuance,- and such action 
earnestly solicited. 
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Xenorhabdus nematophila , a bacterium pathogenic for insects associated with the nematode Steinernema 
carpocapsae, releases high quantities of proteases, which may participate in the virulence against insects. 
Zymogram assays and cross-reactions of antibodies suggested that two distinct proteases were present. The 
major one, protease n, was purified and shown to have a molecular mass of 60 kDa and an estimated isoelectric 
point of 8.5. Protease II digested the chromogenic substrate JV-tosyl-Gly-Pro-Arg-paranitroanilide (pNA) with 
K max and K m values of 0.0551 fxM/min and 234 jjiIVI , respectively, and the substrate DL-Val-Leu-Arg-pNA with 
V nmx and K m values of 0.3830 p.M/min and 429 u.M, respectively. Protease II activity was inhibited 93% by 
Pefabloc SC and 45% by chymostatin. The optimum pH for protease II was 7, and the optimum temperature 
was 23°C. Proteolytic activity was reduced by 90% at 60°C for 10 min. Sequence analysis was performed on four 
internal peptides that resulted from the digestion of protease II. Fragments 29 and 45 are 75 and 68% identical 
to alkaline metalloproteinase produced by Pseudomonas aeruginosa. Fragment 29 is 79% identical to a metal - 
loprotease of Erwinia amylovora and 75% identical to the protease C precursor of Erwinia chrysanthemL 
Protease II showed no toxicity to hemocytes but destroyed antibacterial activity on the hemolymph of inocu- 
lated insects' larvae and reduced 97% of the cecropin A bacteriolytic activity. 



The bacterium Xenorhabdus nematophila (Enterobacteriace- 
ae) establishes a symbiotic relationship with Steinernema car- 
pocapsae (Nemata: Steinernematidae), building a complex that 
is pathogenic to a large range of insects, and is currently used 
as a biological control agent against Lepidoptera (11, 31, 34, 
45), Coleoptera (10, 28, 37, 41), and Diptera (40). 

X. nematophila is carried by the infective juvenile nema- 
tode in a diverticulum of the gut, from an insect cadaver to 
a new host (1). The infective juvenile releases the bacterium in 
the insect hemocoel within 5 h of invasion. This complex 
causes an acute disease, which kills insects within 48 h (2). The 
injection of a few X. nematophila organisms in a susceptible 
insect larva causes growth inhibition and the death of the 
insect. During the pathogenic phase, X nematophila is able to 
survive the vigorous attack of the insect immune system, pro- 
liferate in the hemolymph, and kill the larva. Because the 
number of organisms in the insect hemolymph is very low 
before insect death, Forst and Nealson (20) hypothesized that 
X. nematophila entered in an intraphagosomal phase and that 
during this phase the bacteria secrete some factors toxic to the 
insect. Since the bacterial proliferation does not occur in the 
hemocoel before insect death it is suggested that the secretions 
of these pathogens are highly potent virulence factors in in- 
sects. Furthermore, X, nematophila appears to be generally 
resistant to the attack of nonspecific antibacterial enzymes of 
insect hemolymph (13). Also, lipopolysaccharides of A", nema- 
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tophila have been shown to prevent the process of the activa- 
tion of prophenoloxidase into phenbloxidase (12, 14). The set 
of mechanisms by which the X. nematophila bacteria are able to 
circumvent the host defense systems and cause insect death, as 
well as the benefits provided by the bacteria to their symbiotic 
nematodes, is frequently associated with the extracellular mol- 
ecules produced by Xenorhabdus spp. (4, 14, 21). Photorhabdus 
luminescens, a bacterium associated with the entomopatho- 
genic nematode Heterorhabditis bacteriophora, also has a high 
secretory activity. The virulence of the strain W14 is partially 
clarified by the characterization of high-molecular-weight toxin 
complexes. These proteins are secreted and present an oral 
toxicity to the Lepidoptera (7). However, differences in the 
genomic organization have been reported when the toxic loci 
found in P. luminescens are compared to their homologues in X. 
nematophila (18). Recently, two overlapping cosmid clones 
were shown to encode an insecticidal protein DNA region of a 
highly pathogenic isolate of X. nematophila in Escherichia coli 

^^mong the extracellular molecules produced by X. nema- 
tophila, we can find some with proteolytic activities. Al- 
though those molecules may play a role in insect toxicity, 
their importance is highly conflicting. Certain literature ac- 
knowledges that proteases might have a role in insect tox- 
icity by analogy with proteases produced by other insect 
pathogens (23, 39), whereas other, authors claim that these 
proteases are not toxic to the insects, neither by injection nor 
by oral feeding (6). In this work, we report the identification of 
two proteases produced by X. nematophila and the character- 
ization of one of these. In addition, we show that this protease 
suppresses antibacterial peptides involved in the insect im- 
mune response, thereby providing a role for it in the patho- 
genic process. 
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FIG. 1. Release of proteolytic activity during the growth of X. 
nematophila in TSB broth. Samples of culture medium supernatants 
were collected at different times to determine the release of proteolytic 
activity measured at 440 nm using azocasein as a substrate. 



MATERIALS AND METHODS 

Bacterial strain and growth conditions. Stock inoculum oiX. nematophila was 
obtained according to the method of Akhurst and Dunphy (2). Ten infective 
juveniles of 5. carpocapsae Breton strain were surface disinfected in 1% sodium 
hypochlorite, transferred to a petri dish with 2 ml of tryptic soy broth (TSB) 
(Dtfco, Detroit, Mich.) liquid medium, and bisected at the esophageal bulb level. 
This medium was incubated for 24 h at 28°C and then spread in nutrient 
bromothymol agar (NBTA) (nutrient broth 0.0025%, bromothymol blue, and 
0.004% 2,3,5-triphenyltetrazolium) solid medium plates. The plates were incu- 
bated for 48 h at 30°C. Bacterial growth was achieved by inoculation of 5 ml of 
TSB liquid medium with a colony from the stock inoculum. After a 24-h incu- 
bation period at 28°C and with shaking at 150 rpm, 1 ml of medium was 
transferred into fresh TSB medium in 500-ml flasks (100 ml of medium/flask). 
The culture was incubated for 24 h as in the previous stage. Following incubation, 
the broth was centrifuged at 12,000 X g for 10 min at 4°C and filtered through a 
0.2-u-m-pore-size membrane. The cell supernatant containing proteolytic activity 
was collected and stocked at — 20°C. 

Protease II purification. All experiments were performed at room tempera- 
ture unless otherwise stated. The isolation protocol entailed starting with 800 ml 
of broth which was then concentrated to 15 ml through an Am icon ultrafiltration 
system (molecular mass cutoff, 50 kDa). The retentate was filtered with Swinnex 
(membrane pore size, 0.45 juri) and then loaded at 1 ml/min onto a DEAE- 
Sepharo.se column (2.5 by 20 cm) equilibrated with 10 mM cacodylate buffer, pH 
7.6 (bufTer A), connected to a Pharmacia fast-performance liquid chromatogra- 
phy system. Bound proteins were eluted in a linear gradient of 0 to 1 M of NaCl 
in buffer A over 60 min, and 1-ml fractions were collected. The proteolytically 
active fractions from this initial separation were subsequently pooled, desalted by 
gel filtration PD10 (Pharmacia Biotech, Uppsala, Sweden) in buffer A, and 
loaded (1 ml/min) onto a 5-ml HiTrap Q Sepharose column (Pharmacia Bio- 
tech), equilibrated with buffer A. The bound proteins were eluted in a step (0.1 
M) gradient from 0 to 0.5 M NaCl in buffer A. The active fractions from HiTrap 
0 Sepharose were further separated using a Mono Q column (Pharmacia Bio- 
tech) and a linear gradient of 0.35 to 0.45 M of NaCl in buffer A over 120 min 
at 1 ml/min. Protein elution was monitored at 280 nm. 

Enzyme activities. The crude extract and chromatographic samples were as- 
sayed for proteolytic activity using azocasein (Sigma, St. Louis, Mo.) as a sub- 
strate (42). Aliquots (50 uJ) of samples were added to 50 uJ of 2% azocasein in 
Tris-HCl, pH 8, containing 0.2 M NaCl. Fractions were then incubated at 37°C 
for 1 h. Nondigested azocasein was precipitated by adding 130 ixl of 10% tri- 
chloroacetic acid (TCA) (Merck, Darmstadt, Germany) to the incubations and 
centrifuged at 10,000 X g for 10 min. The supernatants (100 uJ) were transferred 
to a 96-weIl microtitration plate containing 200 jxl of 1 M NaOH. The absorbance 



values of the resulting supernatants were measured with a microplate reader 
(Bio-Rad Laboratories, Richmond, Calif.) with a 440-nm absorbance filter. In- 
creased absorbance indicates the presence of proteolytic activity. The blank was 
obtained by precipitating the substrate plus the sample in TCA without incuba- 
tion. 

SDS-PAGE and immunoblot analysis. Sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE) was performed with a Mini-PROTEAN II gel 
system (Bio-Rad Laboratories), using slab gels, 0.5 mm thick, of 10% polyacryl- 
amide, according to the method of Laemmli (32), and the proteins were stained 
with Coomassie blue G-250. Silver nitrate staining was performed according to 
the method of Morrissey (36). A prestained SDS-PAGE protein kit containing 
phosphorylase b (106.0 kDa), bovine serum albumin (77. 0 kDa), ovalbumin 
(50.8 kDa), carbonic anhydrase (35.6 kDa), soybean trypsin inhibitor (28.1 kDa), 
and lysozyme (20.9 kDa) (Bio-Rad Laboratories, Hercules, Calif.) was used as a 
source of molecular mass standards. 

For the Western blotting, the purified protein was separated in gel electro- 
phoresis under reduction and denaturing conditions. A Laemmli buffer, contain- 
ing 5% 0-mercaptoethanol and heated at 95°C during 5 min, was used to achieve 
these conditions. The protein was then transferred onto a nitrocellulose mem- 
brane (Millipore Corp., Bedford, Mass.) using a liquid transfer apparatus in a 
continuous buffer system at pH 11, containing Tris-glycine and 20% methanol, 
applying 0.8 mA/cnr for 1 h according to the method of Towbin et al. (43). The 
membrane was then incubated in Tris-buffered saline (TBS) (0.01 M Tris-HCl, 
pH 7.5, 0.1 M NaCl) containing 5% (wt/vol) dehydrated milk and 0.05% (vol/vol) 
Tween 20 for 30 min at room temperature. Subsequently, the membrane was 
incubated with primary antibody at the appropriate concentration (1:1,000 dilu- 
tion) in TBS containing 5% (wtM>l) dehydrated milk and 0.05% (vol/vol) Tween 
20 for 2 h at room temperature. The membrane was washed three times for 10 
min in TBS containing 0.05% (vol/vol) Tween 20, followed by incubation with 
goat anti-rabbit immunoglobulin G peroxidase conjugates (Sigma) diluted 
1:4,000 in TBS. Immunoreactivity was detected by incubating the membrane in 
TBS containing 0.06% (wt/vol) diaminobenzidine, 0.018% NiCl 2 (wt/vol), and 
0.3% H 2 0 2 (vol/vol). 

Zymography. SDS-PAGE zymograms were performed as described by 
Schmidt et al. (39) with minor modifications. Ten percent polyacrylamide gels 
were copolymer ized with 0.05% gelatin. Samples were dissolved in nonreducing 
Laemmli sample buffer without heat denaturation and run at 100 V. Following 
electrophoresis, the gels were washed for 30 min in 50 mM Tris-HCl buffer, pH 
7.6, containing 2.5% Triton X-100 (Merck), with gentle agitation, in order to 
remove the excess of SDS. Then, the gels were incubated for an additional 4 h 
with several changes in a solution of 50 mM Tris-HCl, pH 7.6, containing 0.2 M 
NaCl and 5 mM CaCU Zones of proteolysis were detected by overnight Coo- 
massie blue staining. 




Protease I 
Protease II 



28.1 — 
20.9 — 



FIG. 2. Zymography analysis of the X. nematophila proteases re- 
leased during 24 h of growth. Samples from the X. nematophila culture 
medium supernatants were collected at different times, dissolved in 
nonreducing Laemmli sample buffer, and applied to a 10% polyacryl- 
amide gel containing 0.05% gelatin. The incubation and staining of the 
postrun gel were carried out as described in Materials and Methods. 
Shown are samples at 6 (lane 1), 12 (lane 2), 18 (lane 3), and 24 (lane 
4) h of growth. 



Vol. 68, 2002 



EXTRACELLULAR PROTEASE FROM X. NEMA TOPHILA 1299 




£0.0 



SS CT S8 S9 70 71 72 73 



ts 

CO 



18 




r 

j 


1.6 




| 
i 


1.2 




j 


0.8 






0.4 


j 




0.0 







0.2 



0.1 



0.0 



o 

CO 
CN 



0.6 
0.5 
0.4 
0.3 
0.2 
0.1 



o 

CO 

Z 

i 
i 



19 :o:i :r23 



0.5 
0.4 



0.3 r 

o 



0.2 
0.1 
0.0 



B 



1.6 



> 



0.8 



2 0.4 
2 

Q_ 



0.0 



r — 
I 



A 



IL 

22 3i 14 J5 56 37 



0.5 



3 

CM 



0.25 J5 



0.0 



0.6 
0.5 

0.4 g 

O 
eg 

0.3 Z 



0.2 
0.1 
«- 0.0 



FIG. 3, Purification of protease II from concentrated culture su- 
pernatant of X. nematophila. (A) Separation of two protease fractions 
by anion-exchange chromatography, Elution consisted of a gradient 
with 10 mM cacodylate, pH 7.6, containing 0 to 1 M NaCl over 60 min. 
The protease activity of each fraction, as indicated by the absorbance 
at 440 nm, was determined under the conditions described in Materials 
and Methods. (B) Elution of protease II from the HiTrap Q column. 
The proteins were eluted in a step gradient with 10 mM cacodylate, pH 
7.6, containing 0 to 0.5 M NaCl. (C) Elution profile of protease II from 
a Mono Q column. The proteins were eluted in a linear gradient with 
10 mM cacodylate (pH 7.6) containing a 0.35 to 0.45 M concentration 
of NaCl over 120 min. 



2D electrophoretic analysis. A 1-ml fraction from the Mono Q purification 
step was precipitated with TCA, to a 10% final concentration, and centrifuged 
for 10 min at 10,000 x g. The pellet was dried and resuspended with rehydration 
buffer {9.8 M urea. 0.5% 3-[(3-cholamidopropyl)-dimethylammonio]-l-propane- 
sulfonate [CHAPS], 10 mM dithiothreitol, 0.5% ampholytes [pH 3 to 10], 
0.001% bTomophenol blue}. The sample was loaded into 7-cm-long ready strips 
(Bio-Rad Laboratories), previously rehydrated, with the buffer mentioned above, 
for 12 h at 20°C, according to the manufacturer's recommendations. Strips were 
focused in 3 steps: step 1, 250 V for 15 min; step 2, 250 to 4,000 V for 2 h; step 
4,000 V for 5 h. Prior to running the second dimension (2D) SDS-PAGE, the 
strips were equilibrated in a solution of 6 M urea, 2% SDS, 0.375 M Tris-HCl 
(pH 8.8), 20% glycerol, and 0.130 M dithiothreitol and in a solution of 6 M urea, 
2% SDS, 0.375 M Tris-HCl (pH 8.8), 20% glycerol, and 0.135 M iodoacetamide, 



KDd 




Protease I 
Protease II 



which were used separately for 15 min to overlay the strip. Following this 
SDS-PAGE was performed in a 1.5-mm-thick 10% acrylamide gel under the 
conditions already described. 

Protein determination. The soluble protein concentrations were determined at 
all purification steps by the Coomassie blue dye binding method (8). Bovine 
serum albumin (1 mgmil) was used as a standard protein. 

Analysis of substrate susceptibility to protease II. Several chromogenic sub- 
strates — W-acetyl-Ile-Glu-Ala-Arg-paranitroanilide (pNA), /V-benzoyl-Pro-Phe- 
Arg-pNA hydrochloride, Mx-benzoyl-L-arginine-pNA hydrochloride, JV-benzoyl- 
Phe-Val-Arg-pNA hydrochloride, A^-carbobenzyloxy (CBZ)-Gly-Gly-Leu-pNA, 
r>Ile-Phe-Lys-pNA f Msuccinyl-Gly-Gly-Phe-pNA, /V-tosyl-Gly-Pro-Arg-pNA, dl- 
Val-Leu-Arg-pNA, and N-succinyl-Ala-AIa-Pro-Phe-pNA (Sigma) — were pre- 
pared at a 10 mM stock solution in methanol. 

Reactions began with the addition of 1.76 u,g of protease II (80 \i\ from Mono 
Q fraction) to 20 u.1 of 10 mM substrate and 100 u,l of Tris-HCl, pH 8. The 
change in optical density at 410 nm was determined every 5 mm for 30 min using 
a Bio-Rad microplate reader. Negative controls consisted of heat-inactivated 
protease II mixed with substrate. 

Kinetic analysis. Kinetic assays were performed at room temperature using 
DL-Val-Leu-Arg-pNA and /V-tosyl-Gly-Pro-Arg-pNA as substrates. The reaction 
mixture contained 1.76 u,g of protease II (80 uJ), and substrate concentrations 
ranged from 0.0001 M to 0.0024 M. Optical density was measured every 5 min 
over a 60-min interval with a Bio-Rad microplate reader at 410 nm. V max and K m 
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FIG. 4. Zymography analysis of purified proteases separated by 
DEAE column chromatography. Lanes: 1, crude extract; 2, fraction 
from exclusion (protease I); 3, fraction from elution (protease II). 



TABLE 1. Purification of X. nematophila protease II 



Sample analyzed 


Total vol 
(ml) 


Total 
protein 
(mg) 


Total 
activity 

cur 


Sp act 
(U/mg) 


Yield 

(%) 


Concentrated supernatant 


15 


18.35 


97 


5 


100 


DEAE Sepharose 


12 


0.62 


79 


126 


81 


HiTrap Q Sepharose 


8 


0,27 


37 


135 


38 


Mono Q 


5 


0.11 


19 


176 


20 



a One unit of protease activity was defined as the amount of enzyme required 
to produce an absorbance change of 0,01 under the conditions of the assay. 
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TABLE 2. Substrate sensitivity to protease II 



Substrate 




B 

kDa 



106.0 ■ 
77.0 
50.8 

35.6 ■ 
28.1 - 
20.9 



+ 



IEF 



FIG. 5. Analysis of protease II by SDS-PAGE, Western blot, and 
2D electrophoresis. (A) SDS-PAGE and Western blot analysis of pu- 
rified protease II. Lane 1 contains the Mono Q fraction showing 
purified protease II. Protein (4.4 p,g) was applied to a SDS-10% 
PAGE gel. The electrophoretic run was performed at 100 V, and the 
gel was subsequently silver stained. Lane 2 shows the results of West- 
ern blot analysis of 2 p,g of purified fraction using antibodies raised 
against Prot. 11-29 peptide as the primary antibody. (B) 2D analysis of 
purified protease II. A concentrated sample of protease II was applied 
to a 7-cm ready strip gel to perform the first-dimension step. The 2D 
step was performed in an SDS-10% polyacrylamide gel that was silver 
stained. IEF, isoelectric focusing. 



values were determined by using the Lineweaver-Burk presentation. Reactions 
were run in triplicate. 

Determination of optimal pll for protease IJ activity. The reactions between 
purified protease II and substrate DL-Val-Leu-Arg-pNA were assayed in tripli- 
cate for 30 min in solutions ranging from pH 2 to 11. Controls consisted of 
substrate at the pH values tested without protease II. The conditions of the assay 
were those used for substrate susceptibility except for the buffer applied. 

Inhibition and heat stability. The chromatographically purified protease II 
was assayed against azocasein in the presence of protease inhibitors: ant i pain, 
chymostatin, leupeptin, phosphoramidon, aprotinin, E-64, pepstatin, bestatin, 
EDTA, and Pefabloc (Boehringer, Mannheim, Germany). Azocasein hydrolysis 
was measured as described above after a 30-min incubation of protease II with 
the inhibitor, at room temperature. 

The optimal temperature was determined by protease II and azocasein incu- 
bated at different temperatures (4, 10, 23, 37, 45, 55, and 65°C) for I h, and this 
was followed by the determination of the proteolytic activity. The heat stability 



Optical _ 
density at Enz 5™5 
30 min" aC,,vl ^ 



N-Acetyl-Ile-GIu-AIa-Arg-pNA 


0 


0 


Af-Benzoyl-Pro-Phe-Arg-pNA 


0 


0 


hydrochloride 






Afa-Benzoyl-L-arginine-pNA hydrochloride 


0 


0 


W-Benzoyl-Phe-Val-Arg-pNA 


0 


0 


hydrochloride 






/V-CBZ-Gly-Gly-Leu-pNA 


0 


0 


D-Ile-Phe-Lys-pNA 


0 


0 


JV-Succinyl-Gly-Gly-Phe-pNA 


0 


0 


N-Tosyl-Gly-Pro-Arg-pNA 


0.197 


1.10 


DL-Val-Leu-Arg-pNA 


0.416 


1.47 


Af-Succinyl-Ala-Ala-Pro-Phe-pNA 


0 


0 



" Reactions were started with the addition of protease II to buffer and sub- 
strate. The reaction mixture was immediately placed into a microliter ptate 
reader, where the optical density at 410 nm was read at 5-min intervals for 30 min 
and the units of enzyme were calculated from the change in optical density (A/l) 
per minute. 

h One unit of protease II activity was defined as A/4/min x total assay volume/ 
sample volume X £ at 410 nm X light path (cm), where the extinction coefficient 
(E) of the product (paranitroanilide) at 410 nm was 9.75 and the light path was 
0.53 cm (26). 



was determined by incubation of protease II at 55, 60, and 65°C for 10 min, and 
the remaining proteolytic activity measured has been described above. 

Assays for antibacterial activity inhibition. A slightly modified growth inhibi- 
tion zone assay described by Hoffmann et al. (25) was used. Hemolymph with 
antibacterial activity was collected from GaUeria mellonella and Pseudaletia 
unipuncta (Lepidoptera: Noctuidae) 24 h post inoculation with E. coli. Twenty 
microliters of active hemolymph was incubated with 0.44 u.g of protease II in 60 
uJ of 0.1 M phosphate buffer, pH 6.4, at 37°C for 1 h. Treated and untreated 
hemolymph was tested for antibacterial activity by placing 30 pj of each in wells 
prepared on E. coli pour plates (10 5 organisms per plate). Plates were then 
incubated overnight at 37°C. Diameters of the growth inhibition zones were 
recorded. Assays with \% cecropin A (Sigma) were performed under the same 
protocol. 

A bacteriolytic assay was performed, with slight modifications, according to the 
method of Kaaya (29). Log-phase E. coli was centrifuged and suspended in 
ice-cold 0.1 M phosphate buffer, pH 6.4, to give it a density of 0.3 to 0.5 at 595 
nm. A volume of 45 jxl of \% cecropin A, incubated for 1 h at 37°C with protease 
II or with heat- in activated protease II (control), was added to 200 \i\ of bacterial 
suspension. The mixture was then incubated for 30 min at 37°C. After the 
incubation, the absorbance at 595 nm was measured with a Bio-Rad microplate 
reader within 1 h. 

Susceptibility of hemolymph proteins to protease II. Hemolymph from G 
mellonella and P. unipuncta was collected under ice-cold conditions, in Eppen- 
dorf tubes with a few crystals of phenylthiourea (Sigma). The hemolymph was 
centrifuged for 10 min at 4 C C and 10,000 X g. The supernatant corresponding to 
the serum was recovered, and aliquots of various volumes were incubated with 
1.90 u.g of active and heat-inactivated protease. A final volume of 200 pJ was 
obtained by adding 0.01 M Tris-HCI, pH 8. The mixtures were incubated at 37°C 
for 1 h and then subjected to SDS-PAGE analysis under the conditions described 
above. 

Preparation for the N-terminal amino acid sequence and internal sequences. 
Chromatographic pure fractions of protease II were subjected to SDS-PAGE 
and electroblotted onto polyvinylidene fluoride (PVDF) membrane (Millipore). 
Tris-glycine buffer, pH 1 1, containing 20% methanol was used as electrophoretic 
buffer in a Mini Trans-Blot Cell (Bio-Rad Laboratories). Protease II on PVDF 
membrane was stained with a solution of 0.5% Ponceau red (Fluka, Buchs, 
Switzerland), washed with water, excised, and subjected to analysis. 

The N-terminal amino acid sequence analysis was performed by automated 
Edman degradation (17). Additional internal sequences were obtained after 
digestion with endo-Lys-C. Peptide fragments produced by the digestion were 
isolated by reverse-phase high-performance liquid chromatography and four 
were sequenced. The analysis of the peptide sequences was performed by the 
Emory University Microchemical Facility (Atlanta, Ga.). 

Peptide sequences were compared with entries in various sequence databases 
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TABLE 3. Inhibitor reactivity with protease II 



Inhibitor 


Inhibitor class" 


Solvent 


Inhibitor 
concn 


% Activity 
remaining'' 


None 








100 


Antipain dihydrochloride 


Serine 


H 2 0 


1 mM 


79 


Chymostatin 


Serine 


DMSO c 


100 ijlM 


55 


Leupeptin 


Ser/Cys 


H 2 0 


1 ^M 


116 


Pefabloc SC 


Serine 


H,0 


4 mM 


7 


Aprotinin 


Serine 


H 2 0 


0.3 jjlM 


103 


E-64 


Cysteine 


50% Ethanol 


5|xM 


114 


Pepstatin 


Aspartic 


Methanol 


1 jjlM 


94 


Bestatin 


Metallo 


Methanol 


130 u,M 


105 


Phosphoramidon 


Metallo 


H 2 0 


570 |xM 


96 


EDTA 


Metallo 


H 2 0 


1.3 mM 


98 


EDTA 


Metallo 


H 2 0 


20 mM 


57 



" Inhibitor class refers to those proteases known to be susceptible to each compound tested. 

b Enzyme samples were incubated with an inhibitor for 30 min at 37°C and then the remaining activities in the sample were determined. Each value represents the 
mean of three experiments and the activity in the reaction mixture containing no inhibitor was considered 100% activity 
c DMSO, dimethyl sulfoxide. 



using the European Bioinformatics Institute FASTA program. A BLOSUM62 
matrix was used (38). 

Peptide synthesis and production of peptide-specific antibodies. The peptide 
Prot. 11-29 was synthesized according to the amino acids sequence resulted from 
the digestion of the purified protease. The peptide synthesis was performed 
according to the manufacturer (Emory University Microchemical Facility). The 
synthesized peptide was then linked to a carrier protein, keyhole limpet hemo- 
cyanin, with the goal of increasing the immunogenicity of the peptide, and then 
injected intradermally into a rabbit (Eurogentec Laboratories, Seraing, Bel- 
gium). The antiserum was collected 6 weeks later. 

RESULTS 

Bacterial growth and proteolytic activity on the medium. X. 

nematophila was grown aerobically in TSB liquid medium. The 
proteolytic activity was identified during this growth by a rou- 
tine detection enzyme activity using either azocasein as a sub- 
strate or proteolytic activity in gel electrophoresis containing 
gelatin. Proteolytic activity in the growth medium increased 
until reaching its maximum at 18 h of growth, corresponding to 
the exponential period of bacterial growth (Fig. 1). During 
growth, the bacteria released two different proteases that were 
characterized by gel electrophoresis, presenting two different 
molecular weights as proved by zymography. In the first hours 
of growth, a protease, designated as protease I, appeared in the 
growth medium. Protease I had a high mass, approximately 90 
kDa, but was low in proteolytic activity. At 12 h of growth, a 
second proteolytic band appeared in the zymogram with a 
medium molecular mass but a high activity and was designated 
as protease II. In the following hours, the proteolytic activity 
decreased, and only protease I persisted at 24 h (Fig. 2). Ap- 
parently, protease II has a higher affinity for azocasein than 
protease I. In a growth medium supplemented with calcium the 
release of proteolytic activity did not increase; nevertheless, 
the release of activity and bacterial growth occurred earlier 
(data not shown). 

Protease II purification and characterization. Culture su- 
pernatant (800 ml) of X. nematophila, resulting from 18 h of 
growth in medium, was concentrated by ultrafiltration (Ami- 
con Stirring Cells) to 15 ml. The filtrate formed showed a 3.5- 
to 4.4-fold increase in specific activity against the substrate 
azocasein, in comparison to the unconcentrated supernatant. 
The 15 ml of concentrated supernatant was filtrated and ap- 



plied to a DEAE column, which was equilibrated with a caco- 
dylate buffer, pH 7.6. The hydrolysis of the azocasein substrate 
showed two proteolytic peaks of activity (Fig. 3A), and the 
analysis of the zymogram demonstrated that the exclusion 
peak of the DEAE contained the active protease band corre- 
sponding to protease I, while protease II was eluted at 0.35 to 
0.4 M (Fig. 4). The proteolytic active fractions collected from 
the elution were applied to a HiTrap Q Sepharose column and 
eluted by isocratic gradients of NaCl. The elution profile re- 
vealed a peak of proteolytic activity at 0.4 M NaCl (Fig. 3B). 
The fractions showing high activity were pooled and then 
loaded onto a Mono Q column. The elution showed a well- 
defined single peak of protease activity (Fig. 3C). The total 
activity recovered, after the different purification steps, was 
20%, and a purification factor of 35-fold was obtained for 
protease II (Table 1). 

SDS-PAGE of the purified protein, obtained in the last 
purification step, exhibited a single band in the silver-stained 
gel (Fig. 5A, lane 1), indicating that protease II was purified to 
apparent homogeneity. Based on the electrophoretic mobility, 
the molecular mass of this protein was determined to be 60 
kDa. The 2D electrophoretic analysis showed an estimated 
isoelectric point of 8.5 (Fig. 5B). 

Protease II was tested against numerous substrates. The 
enzyme was able to hydrolyze azocasein, as well as some syn- 
thetic paranitroanilide substrates. Among the chromogenic 
substrates analyzed for susceptibility to protease II, only N- 
tosyl-Gly-Pro-Arg-pNA and DL-Val-Leu-Arg-pNA were di- 
gested (Table 2). 

Kinetic analysis of the hydrolysis of yV-tosyl-Gly-Pro-Arg- 
pNA and DL-Val-Leu-Arg-pNA by protease II was conducted, 
and the V mHX values were 0.0551 pM/min and 0.3830 (xM/min, 
respectively, and K m values were 234 uAl and 429 \xM, respec- 
tively. 

The inhibition profile of the purified enzyme was evaluated 
using several protease inhibitors. The protease II activity on 
azocasein was not affected by leupeptin, aprotinin, E-64, besta- 
tin, phosphoramidon, or 1.3 mM EDTA (Table 3). The serine 
protease inhibitor Pefabloc SC significantly inhibited the pro- 
teolytic activity of protease II, since only 1% of the residual 
activity was measured in the presence of a 4 mM concentration 
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FIG. 7. Analysis of protease II by Western blotting. X. nematophila 
growth media collected at different times and purified protease II were 
transferred to nitrocellulose membranes. Proteins were detected by 
Western blotting using antibodies raised against Prot.II-29 peptide as 
primary antibody. Lanes: 1, 18 h of growth in medium; 2, 24 h of 
growth in medium; 3, purified fraction. 
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FIG. 6. Proteolytic activity of protease II at different pH values and 
at different temperatures. (A) The optimum pH was determined by 
using DL-Val-Leu-Arg-pNA as a substrate in the conditions described 
in the Materials and Methods. (B) The optimum temperature was 
determined against azocasein as previously reported. O.D., optical 
density. 



of inhibitor. Chymostatin, a chymotrypsin inhibitor, inhibited 
the protease, but less effectively than Pefabloc, since only 55% 
of the activity was retained. A small inhibition was also de- 
tected in the presence of antipain, a serine protease inhibitor. 
These inhibitions by the serine protease inhibitors suggest that 
the protease II purified from the X, nematophila growth me- 
dium is a serine protease. EDTA causes inhibition when it is 
used at 20 mM. 

The optimal pH for the purified protease has a value of 7, 
determined by DL-Val-Leu-Arg-pNA hydrolysis (Fig. 6A); the 
optimal temperature for the protease activity was observed at 
23°C (Fig. 6B). Protease II was found to be stable for several 



days in unpurified and purified fractions at -20°C. Neverthe- 
less, the protein was not heat stable. The incubation of the 
purified sample at 60°C for 10 min induced a 90% reduction of 
the proteolytic activity. 

Microsequencing of protease n. Direct sequencing of pro- 
tease II did not yield an amino acid sequence, indicating the 
likelihood of a blocked N terminus. Internal sequence analysis 
after peptic digestion, with Lys-C proteinase, was performed 
on the protease II bound to the PVDF membrane. Four pep- 
tides resulting from the digestion were fractionated by high- 
performance liquid chromatography and subjected to Edman 
degradation. The following sequences were obtained: Prot. 
11-22, FTEVSSIYK; Prot. 11-29, GDTVYGFNSNTDRDFMT 
ATDANSK; Prot. 11-45, YGYSSAPLLNDISAIQELYYANMET; 
and Prot. 11-19, FVDSFSGK. Database searches of these pep- 
tides provided several matches with statistical significance (Ta- 
ble 4). 

Polyclonal antibodies raised against the synthesized peptide 
Prot.II-29 were tested against protease II under reducing con- 
ditions. The antibodies cross-reacted strongly to the purified 
and unpurified protease II at a dilution of 1/1,000 when the 
sample was reduced with p-mercaptoethanol (Fig. 5A, lane 2). 
On the contrary, the antibodies did not cross-react with the 
protease I present in the X, nematophila growth medium (Fig, 
7). 

Biological activities of protease II. Protease II was not toxic 
to hemocytes of either P. unipuncta or G. mellonella. In con- 
trast, important modifications of the protein profile of humoral 
fractions of both insects were observed after incubation with 
protease II. 

Protease II was able to reduce as much as 100% of the 
antibacterial activity on the hemolymph of inoculated G. mel- 
lonella and P. unipuncta larvae, as well as destroy cecropin A 
activity on the growth inhibition zone assays. Ninety-seven 
percent of the cecropin A lytic capacity was also reduced by 
protease II in in vitro assays. 

Protease II apparently had no activity on the proteins of the 



Vol. 68, 2002 




EXTRACELLULAR PROTEASE FROM X. NEMA TOPHILA 1303 




TABLE 4. Identity determined by FASTA using a BLOSUM62 matrix 






Fragment 


Organism 


Molecule 


Identity 

(%) 


e 


Prot. 11-29 


E. amylovora 
E. chiysanthemi 
P. aeruginosa 
P. aeruginosa 
E. cfirysanthemi 


Metalloprotease 
Protease C Prec " 
Alkaline proteinase 
Alkaline metalloproteinase 
Protease B Prec. 


79.2 
75.0 
75.0 
75.0 
75.0 


4.2 X 10 9 

1.3 x 10 8 
1.8 x 10 8 
1.8 x 10 8 
1.8 x io 8 


Prot. 11-45 


Pseudomonas sp, 
P. aeruginosa 
£. amylovora 
E. amylovora 


Serralysin Prec. 
Alkaline metalloproteinase 
Metalloprotease 
Protease B Prec. 


68.0 
68.0 
64.0 
64.0 


4.5 X 10 6 
2.1 X 10 6 
1.4 X 10 s 
4.3 X 10 5 



' Prec, precursor. 



extracellular matrix, such as collagen, elastin, and fibrin (data 
not shown). 

DISCUSSION 

Among the enzymes secreted by X. nematophila, we purified 
a protease that was able to destroy antibacterial factors present 
in insect hemolymph. Secretion of this protease could explain 
why the bacteria released into insect hemocoel by the associ- 
ated nematode, even at low numbers, can overcome the insect 
defenses and install themselves in a very efficient way. In the 
growth medium we identified, on a zymogram, two distinct 
proteases apparently produced at different times. Protease I 
persisted in the medium until the stationary phase was 
achieved, whereas protease II was detected in the medium at 
12 h postinoculation and remained for only 6 h. Antibodies 
raised against an internal peptide of protease n showed a high 
specificity against the purified and unpurified protease II but 
did not cross-react with protease I. The limited time that pro- 
tease II was present suggests that it is different from protease 
I, which remained within the stationary phase. 

Protease II is a 60-kDa protein with a pi of 8.5. This enzyme 
probably belongs to the serine protease family. Pefabloc SC 
and chymostatin, two serine protease inhibitors, inhibited pro- 
tease II, totally and partially, respectively. Two chromogenic 
substrates, JV-tosyl-Gly-Pro-Arg-pNA and DL-Val-Leu-Arg- 
pNA, specific for serine proteases, are positively hydrolyzed by 
protease II, whereas the inhibition induced by EDTA, a met- 
alloprotease inhibitor, at a significant concentration is negligi- 
ble. 

Protease II is expressed during just a few hours at the be- 
ginning of the exponential growth phase of X. nematophila. On 
the other hand, the closely related entomopathogenic bacte- 
rium, P. luminescens, releases proteases in the stationary 
growth phase. These proteases have little or no toxic activity in 
insects, neither by injection nor by oral feeding, but the par- 
ticipation of these molecules on the activation of a toxic com- 
plex of proteins secreted by P. luminescens was not excluded 
(6). 

Protease II clearly destroyed the antibacterial activity on the 
hemolymph from immune G. mellonella and P. unipuncta lar- 
vae. Moreover, protease II inhibited cecropin A, an inducible 
antibacterial peptide that is particularly active against gram- 
negative bacteria, isolated from several species of Lepidoptera 
and Diptera (19, 24). In the same way, two hemolymph serine 



protease inhibitors involved in P. unipuncta humoral defense 
showed no effect on proteolytic activity released by X. nema- 
tophila (9). The inactivation of antibacterial factors in insects 
must cause an immunodepression that enhances the ability of 
X. nematophila to establish itself in the hemocoel, causing a 
septicemia followed by insect death. In addition to showing the 
destruction of antibacterial factors, we showed that protease II 
is able to promote the digestion of some proteins of the insect 
hemolymph. The hydrolysis of these proteins may provide nu- 
tritional factors to the associated nematode necessary for its 
complete development. AxenicS. carpocapsae is able to invade 
and kill G. mellonella larvae; however, the progeny of these 
nematodes, in the absence of the bacteria, is much reduced in 
relation to nematodes developing in monoaxenic conditions (5, 
24). The optimal temperature and pH of protease II were 23°C 
and 7, which correspond to the optimal conditions for nema- 
tode development, either in insects or in in vitro culture (15). 

The characterization of this protease indicated a strong re- 
lationship to other enzymes isolated from other bacteria, in 
such areas as molecular weight, substrate specificity, and the 
interna] sequences that presented a high level of homology. 
Four peptides resulting from protease II internal digestion 
were sequenced. Amino acid sequences were computed for 
homologies with other toxic proteases excreted by bacteria. 
Fragments Prot 11-29 and Prot 11-45 are 75 and 68% identical 
to an alkaline metalloproteinase isolated from P. aeruginosa 
(16, 22). P. aeruginosa is commonly isolated from insects and is 
occasionally pathogenic under laboratory conditions (27). The 
pathogenicity of P. aeruginosa was correlated with the release 
of proteases that are involved in insect hemolymph clotting 
(30). The alkaline proteases of P. aeruginosa destroy the 
ground substance of supporting structures once they interfere 
with fibrin formation (33). 

The analysis of the fragment Prot 11-29 showed it to be 79% 
identical to a metalloprotease of Erwinia amylovora and 75% 
identical to the protease C precursor of Erwinia chrysanthemi. 
Bacteria of the genus Erwinia were reported in association with 
insects, even though they are not known to be pathogenic 
agents (3, 44). 

Research is being conducted to show to what extent the role 
of protease II may be relevant to pathogenicity and how it may 
participate in nematode development inside insect hemo- 
lymph. 
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